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ABSTRACT
The Hindu Kush Himalayan region (HKH) is an important biodiversity repository with more
than 488 protected areas covering 39% of the region’s geographical coverage. However,
a majority of them are small and isolated and are not large enough to address conservation
challenges. About 20% of the protected areas are transboundary in nature. Conservation
landscape planning based on habitat suitability is an essential step for landscape manage-
ment, but there are limited data available from the Landscape Initiative for Far Eastern
Himalayas (HI-LIFE). To rationalize the need for regional cooperation, this study used remote
sensing (RS) data and a geographic information system (GIS) to estimate the habitat suit-
ability for four globally significant speciesconsidering available but limited secondary infor-
mation. The results showed variation in habitat suitability at an individual species level, but
the combined map showed about 43% of the total area as a suitable habitat. Substantial
amounts of suitable habitat also recorded from outside the existing protected areas. The
results also highlighted the fact that 75.40% of the existing forest within the landscape is
intact, the majority of which is outside the existing protected areas. Thus, there is a strong
rationale and opportunity to strengthen regional cooperation to safeguard irreplaceable and
unique biodiversity resources of this wilderness landscape.
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1. Introduction

The HKH, stretched over four million km2s across the
Himalayas and adjoining ranges, is endowed with a rich
variety of gene pools, species and ecosystems of global
importance (Mittermeier et al., 2005; Pei, 1995). The
region has been in the spotlight as a part of “Crisis
Ecoregions”, “Endemic Bird Areas”, “Mega Diversity
Countries” and “Global 200 Ecoregions” (Brooks et al.,
2006) and also hosts parts of four of the 36 Global
Biodiversity Hotspots – Himalaya, Indo-Burma,
Mountains of South-West China, and Mountains of
Central Asia (Mittermeier, Turner, Larsen, Brooks, &
Gascon, 2011; Noss et al., 2015) – and a number of the
Global 200 Ecoregions of the world (Dinerstein et al.,
2017; Wikramanayake et al., 2002). Also, the region
provides ecosystem services that sustain the lives and
livelihoods of over 240 million people in the HKH and
support over 1.7 billion people living downstream in the
10 river basins which emanate from these mountainous
regions (Molden et al., 2017; Schild, 2008).

The region has a significant conservation history
beginning from the 19th century (see Sharma, Chettri,
& Oli, 2010) along with notable explorations by bota-
nists, zoologists and nature explorers from across the

world (e.g., Blandford, 1872; Hooker, 1849). In recent
decades, the HKH has witnessed significant concep-
tual development in regional approaches to biodiver-
sity conservation. It evolved from “people
exclusionary” and “species focused” to “people-
centred community-based” and “ecosystem/landscape
approach,“ as reflected by conservation policies and
practices within the region (Chettri & Sharma, 2016;
Molden et al., 2017; Sharma et al., 2010). The classical
approach to biodiversity conservation, which started
with an emphasis on the conservation of flagship
species (e.g., Wikramanayake et al., 1998; Yonzon,
1989), evolved to the understanding that “conserva-
tion and management of biodiversity are impossible
without people’s participation“ (Phuntsho, Chettri, &
Oli, 2012). Since the 1980s, decentralization, and
devolution of authority for biodiversity conservation
were evident in governments” efforts across the HKH
through landscape-level initiatives (see Chettri &
Sharma, 2016; Phuntsho et al., 2012; Sharma et al.,
2010; Zomer & Oli, 2011).

Since the establishment of the Pidaung Wildlife
Sanctuary in Myanmar in 1918, the first protected
area in the region, the countries sharing the HKH
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have set aside 39% of the terrestrial area by establish-
ing 488 protected area networks till 2007 (Chettri,
Shakya, Thapa, & Sharma, 2008). However,
a majority (68%) of them are less than
500 km2s and are scattered, isolated, and do not
cover the entirety of biodiversity-rich areas with
high conservation significance (Chettri et al., 2008;
Sarkar, Mayfield, Cameron, Fuller, & Garson, 2007;
Shrestha, Shrestha, Chaudhary, & Chaudary, 2010).
Also, only about 25% of the Global Biodiversity
Hotspots in the HKH are within the existing pro-
tected area network, leaving a very significant area
unprotected (Chettri et al., 2008). Moreover, habitat
degradation as a result of land use and cover change
(Bharti, Adhikari, & Rawat, 2012; Sharma,
Areendran, Raj, Sharma, & Joshi, 2016; Brandt,
Allendorf, Radeloff, & Brooks, 2017) and challenges
from prevailing climate change (Kraaijenbrink,
Bierkens, Lutz, & Immerzeel, 2017; Shrestha, Wake,
Mayewski, & Dibb, 1999) are bringing additional
pressure on the existing protected areas system and
biodiversity of the region (Chettri & Sharma, 2016;
Chettri et al., 2010; Xu et al., 2009).

Interestingly, about 20% of the protected areas
found in the region are transboundary in nature,
with contiguous habitats across boundaries. They
also have greater conservation significance due to
their location in areas with higher biodiversity
(Chettri et al., 2008). Though there has been signifi-
cant progress in the number and coverage of pro-
tected areas, conservation plans developed for
protected areas usually encompass only one country
because of logistical, institutional and political chal-
lenges (Chettri et al., 2010; Molden et al., 2017;
Sharma et al., 2010). Thus, there was an urgent
need to strengthen transboundary conservation plan-
ning strategies as many protected areas are intercon-
nected across boundaries through processes that
form, utilize and maintain interfaces or connectivity
essential for the survival of some species (Forrest
et al., 2012; Palomo, 2017; Pauchard et al., 2009;
Tang et al., 2018; Wikramanayake et al., 2011).

Based on the regional biodiversity significance and
the need for regional cooperation, the International
Centre for Integrated Mountain Development
(ICIMOD) has identified six transboundary land-
scapes (Kailash, Kangchenjunga, Far Eastern
Himalaya, Hindu Kush Karakoram Pamir, Everest,
and Cherrapunjee-Chittagong) across the HKH
region for the development of integrated conserva-
tion and development initiatives (Chettri, Sharma, &
Thapa, 2009). The objective of these landscape initia-
tives is to improve conservation and community
development beyond the political boundaries through
“Ecosystem Approach” as advocated by the
Convention of Biological Diversity (Secretariat of
the CBD, 2004; Sharma, Chettri, Gurung, & Shakya,

2007). The initiatives focus on conservation and
development planning considering biological and
environmental issues (species, drivers of change and
land classes) and processes (e.g., migration, adapta-
tion, and speciation) through a participatory
approach and long-term monitoring mechanisms as
being advocated elsewhere (Kremen & Merenlender,
2018). It was realized that these processes could be
best accommodated by designing large-scale conser-
vation landscapes that capture the environmental
gradients and facilitate biota movement and dispersal
at spatial and temporal scales (Beger et al., 2010;
Leonard. Baldwin, & Hanks, 2017; Rouget, Cowling,
Lombard, Knight, & Kerley, 2006).

The Landscape Initiative for Far Eastern
Himalayas (HI-LIFE) is one of the six proposed land-
scapes (Figure 1). Located between the Brahmaputra
(Yarlung Tsangpo in China) and Salween (Nujiang in
China, and Thanlwin in Myanmar) river systems,
along the easternmost extensions of the Himalayas
and the westernmost extent of the Hengduan
Mountains, the landscape spans with an area of
71,452 km2 across China (22%), India (12%), and
Myanmar (66%) (ICIMOD, 2018). The landscape
has global significance due to its converging location
of the three Global Biodiversity Hotspots – namely
Himalaya, Indo-Burma and Mountain of Southwest
China (Brunner, Talbott, & Elkin, 1998; Mittermier
et al., 2011; Wikramanayeke et al., 2002).
Interestingly, out of seven protected areas found in
the area, four are transboundary in nature with nat-
ural connectivity with adjacent protected areas across
the political boundaries (Areendran et al., 2017; Li
et al., 2017; Lodhi, Samal, Chaudhry, Palni, &
Dhyani, 2014). Moreover, in some areas, the areas
outside protected areas are equally or more signifi-
cant in terms of biodiversity (Naniwadekar et al.,
2015).

The complex with congruence of three of the 36
Global Biodiversity Hotspot (Mittermeier et al.,
2011; Noss et al., 2015), it is an important area
for plant diversity (Zhang, Slik, & Ma, 2017) and
the wilderness areas have been used by many
species as connectivity corridors (Ren et al.,
2017). However, this natural connectivity across
the boundaries and the resulting contiguous habi-
tats across the landscape were never considered in
the past conservation practices. Thus, the HI-LIFE
has a high potential, as a transboundary landscape,
considering the existing protected areas and their
contiguous habitats. The concept, challenges, and
opportunities have been discussed with conserva-
tion communities, who agreed in principle to
explore the further development of the HI-LIFE
as a transboundary landscape and to enhance
regional cooperation (ICIMOD, 2018). To support
the conservation paradigm, we came up with the
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following three objectives for this study and the
outputs from these objectives can be used to
ensure the integration of regional-scale processes
into conservation assessment, management, and
implementation of the ecosystem approach.

(1) To understand the state of land use and land
cover types within the delineated landscape to
understand the extent of potential habitats for
species that are of global significance.

(2) To identify potential habitat contiguity of
some selected species common across the
transboundary landscape and understand the
extent of the available habitat necessary for
their conservation.

(3) To address the knowledge gap on the state of
existing habitat conditions in relation to forest
fragmentation.

2. Materials and methods

2.1. Study area

The HI-LIFE is the eastern-most landscape among
the six identified landscapes (Figure 1). The geo-
graphic extent of the landscape comprises 71,452
km2 located between coordinates 95.51 and 99.31
E longitude and 25.01 and 28.99 N latitude. In
terms of biodiversity, the proposed HI-LIFE is one
of the most intact and enriched transboundary bio-
diversity complexes within the HKH and has been
recognized as a Centre of Plant Biodiversity and
Eastern Asiatic Regional Centre for Endemism
(Takhtajan, 1969; Wikramanayake et al., 2002).
A study of the world’s frontier forests by the World
Resources Institute shows that the complex contains
the last remaining tracts of intact natural forest eco-
systems in mainland Southeast Asia that are relatively
undisturbed and large enough to maintain biodiver-
sity (Brunner et al., 1998). The protected areas in the
Hi-LIFE provide habitat for many reported species of
global importance such as the Himalayan black bear
(Ursus thibetanus), Leaf deer (Muntiacus putaoensis);
Red panda (Ailurus fulgens); Takin (Budorcas taxi-
color); Black muntjac (Muntiacus crinifrons); and
Stump-tailed macaque (Macaca arctoides) among
others (ICIMOD, 2018). These globally important
species inhabit wider areas across national boundaries
and are reported from more than one protected area
in the landscape (Datta, Pansa, Madhusudan, &
Mishra, 2003; Naniwadekar, Shukla, Isvaran, &
Datta, 2015; Rabinowitz, Amato, & Saw Tun, 1998;
Ren et al., 2017). Thus, their potential habitat extends
far beyond the existing protected area network and
national boundaries.

2.2. Research methodology

To meet the objective mentioned above, we followed
the schematic analytical steps shown in Figure 2. As
per the objectives, three broad methodologies were
used as follows:

2.2.1. Land cover mapping
Landsat data (see Table 1) were used for land cover
mapping as it has the potential to significantly improve
the characterization of the Earth’s land surface
(Macauley, 2009). Landsat Enhanced Thematic
Mapper Plus (ETM+) images were accessed from
USGS Global Visualization Viewer (GLOVIS, 2012)
whereas a Shuttle Radar Topography Mission (SRTM)
Digital ElevationModel was accessed fromConsultative
Group on International Agricultural Research
(CGIAR)-Consortium for Spatial Information (CSI)
GeoPortal (see SRTM, 2012). A hierarchical classifica-
tion scheme with 10 classes was adopted using the Land
Cover Classification System (LCCS) following Di
Gregorio (2005) (Table 2). The acquired Landsat images
were atmospheric corrected and re-projected into
Universal Transverse Mercator (UTM), Zone 47. After
processing the images, eCognition Developer software
used for object-based image analysis (OBIA). This
method of land use and land cover mapping has been
tested elsewhere and could be referred to for further
detail (Chettri, Uddin, Chaudhary, & Sharma, 2013;
Uddin et al. 2015).

2.2.2. Species habitat suitability modeling
We used secondary information of four species
(Himalayan black bear, Leaf deer, Red panda,
Takin) that were reported from more than one pro-
tected areas of the landscape (see Rabinowitz,
Garshelis & Steinmetz, 2008; Harris, 2008;
Rabinowitz et al., 1998; Rabinowitz, Myint, Khaing,
& Rabinowitz, 1999; Song, Smith, & MacKinnon,
2008; Stotz, Harris, Moskovits, Yi, & Adlemann,
2003; Timmins, Duckworth, & Zaw, 2008a;
Timmins, Long, Duckworth, Ying-Xiang, & Zaw,
2008b; Wang, Choudhury, Yonzon, Wozencraft, &
Zaw, 2008; Yang, 2009;).These species are ecologically
significant within the landscape and are representa-
tive of the majority of the key habitat types and
altitudes (Table 3). Habitat suitability modeling was
conducted for each of these four species considering
a host of factors, such as presence/absence, habits,
habitat, and potential range reported for each
(IUCN, 2018). During mapping, an emphasis was
given to major habitat factors such as vegetation
type, altitude, and topographic structure, and the
distance from settlements and roads following Beier
et al., (2009).

GEOLOGY, ECOLOGY, AND LANDSCAPES 3



In delineating suitable habitat areas, all thematic layers
and topographic layers – including digital elevation
model (DEM), slope and topographic position data, set-
tlement and road data – were analysed (Table 3) as they
were found to have a direct correlation to the suitability
of wildlife habitat (Nandy Kushwaha, & Gaur, 2012;
Singh, Velmurugan, & Dakhate, 2009). After the habitat
factors had been chosen, suitability scores assigned to
each of the factors (e.g., land cover types, topographic
position classes) paying particular attention to the suit-
ability threshold required to support breeding habitat for
each of the species. All thematic layers and GIS factors
were then converted to raster files and reclassified as per
the scores obtained from individual species. Habitat

suitability analysis was performed in ArcGIS using
Corridor Designer to identify contiguous habitat with
a user-friendly, three-step process following Beier et al.
(2009).

During the habitat suitability analysis, a numerical
weighting factor was assigned to each thematic layer
according to the relative importance of habitat suit-
ability. To determine the weight overlay factor pro-
cedure, an expert knowledge was used to generate the
commensurable scores, where the appropriate score
maps are weighted according to the habitat function
prepared for the decision following Bashari and
Hemami (2013); Store and Jokimäki (2003).
Developing such kind of ranked by experts from the

Figure 1. Location map of HI-LIFE.

4 K. UDDIN ET AL.



region is a most suitable relative influence on the
suitability of habitat for the selected animal (Buruso,
2018). While designing, we assigned each factor

a percentage weight so that the sum of the weights
is 100%. To combine multiple habitat factors into one
aggregate habitat suitability model for species in the
landscape, we first assigned weights to each factor
reflecting their relative importance as indicated in
Table 3. For example, the weighted value for elevation
was 10%, the topographic position was 5%, the land
cover was 75%, distance to the road was 5%, and
distance to the settlement was 5%. Thus, these
weighted suitability values were then incorporated
in the raster file for each focal species. We considered
the following interpretation of habitat suitability
scores: 80 to 100% = best habitat, highest survival
and reproductive success; 60 to 80% = associated
with successful breeding; 30 to 60% = associated
with consistent use and breeding; 20 to 30% = asso-
ciated with occasional use for non-breeding activities;
and values less than 20% = avoided; 0 = absolute non-
habitat. Based on the above criteria, habitat suitability
(and unsuitability) maps for each of the four species
were prepared independently to identify their poten-
tial extended habitat areas. After this, the individual
four suitability maps were combined to a single suit-
ability map to see the extended habitats within the
landscape and to show their potential distribution.

2.2.3. Habitat condition concerning forest
fragmentation
To understand the state of habitat condition, the
forested area was used for fragmentation analysis
following Vogt et al. (2007). We considered four
classes, namely, “core forest,“ “patch forest,“ “per-
forated forest” and “edge forest” (see Figure 3) as
defined by Vogt et al. (2007). The Landscape
Fragmentation Tool (Parent & Hurd, 2012) used
in the analysis following the four-step processes
used by Vogt et al. (2007). Each of the four classes
mentioned were mapped by assigning patch size
class following Stokes and Morrison (2003). Forest
fragmentation areas were generated based on
a specified edge width (100 m) and the fragmenta-
tion classes and tools mentioned above.

The geospatial methods discussed above were
used extensively because of the specific limitations

Figure 2. Diagrammatic representation of forest fragmenta-
tion classes.

Table 1. List of landsat imagery used for land use and land
cover analysis.
SL No Satellite Sensor Path Row Year

1 Landsat ETM+ 132 41 2000
2 Landsat ETM+ 132 42 2002
3 Landsat ETM+ 132 43 2002
4 Landsat ETM+ 133 40 2001
5 Landsat ETM+ 133 41 1999
6 Landsat ETM+ 133 42 2000
7 Landsat ETM+ 134 40 2001
8 Landsat ETM+ 134 41 2001

Table 2. Description of land cover classes used to classify the study area.
LCCCode LCCLevel LCCOwnLabel LCCLabel

21497–129398 A3A20B2XXD1E2-A21E3 Mixed forest Mixed Closed to Open (100–40)% Trees
21499–121340 A3A20B2XXD2E1-A21 Needleleaved

forest
Needleleaved Evergreen Closed to Open (100–40)% Trees

22579–121340 A3A20B2XXD1E2F2F6F10G3-
A21

Broadleaved forest Broadleaved Deciduous Closed to Open (100–40)% Trees, With Shrub
Emergents

21449–121340 A4A20-A21 Shrubland Closed to Open (100–40)% Shrubland (Thicket)
21453–121340 A2A20-A21 Grassland Herbaceous Closed to Open (100–40)% Vegetation
11390–12601 A4XXXXC2-C3 Agriculture Graminoid Crop(s) (One Additional Crop)
5001 A1 Built up area Built Up Area(s)
6005 A5 Bare area Bare Soil And/Or Other Unconsolidated Material(s)
8005 A2 Snow Snow
8001 A1 Water bodies Natural Waterbodies
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of ground-based methods through which the entire
targeted area could not be traversed and the collec-
tion of information for each species is resource
intensive. While ground surveys such as counting
animals, trapping, collection of droppings, and
investigations of feeding sites as well as ground
mapping of habitats are useful, considering the
objectives of this study and the goal of transbound-
ary landscape conservation and management initia-
tives, geospatial technology can supplement or
circumvent ground survey methods (see Alamgir,
Mukul, & Turton, 2015; Boitani et al., 2008; Xu
et al., 2017). In addition, the study focused on

making use of existing information and applying
cost-effective tools before entering into extensive
systematic research as envisaged by the countries
during numerous regional consultations (ICIMOD,
2009, 2012, 2018).

3. Results

The result of the land cover analysis from the pro-
posed landscape presented in Figure 4. The results
(Table 4) showed that the landscape was dominated
by broadleaved forest (80.02%), followed by
Needleleaved Forest (8.01%), mixed forest (0.54%),

Table 3. Criteria for assessment of habitat suitability.
Criteria Himalayan black bear Leaf deer Red panda Takin

Elevation range (m) 1200–3300 700–2000 2000–3700 2200–4500
IUCN status Vulnerable Data Deficient Endangered Vulnerable
Habit Predominantly inhabit

the forests and used
variety of fruits and
plant species as its
diet.

Limited information, mostly
forest dwellers. The species
apparently feeds on a range
of plant materials, including
fruits.

Carnivora adapted to a herbivorous
diet and diet consist of bamboo
leaves and both species of
bamboo, Arundinaria maling and
A. aristata

Predominantly a forest
dweller, prefer
stepped slope and
open areas and
purely herbivore

Topographic position Flat-Gentle slopes
Canyon bottom
Ridgetop
Steep slope

Flat-Gentle slopes
Canyon bottom
Ridgetop
Steep slope

Flat-Gentle slopes
Canyon bottom
Ridgetop
Steep slope

Flat-Gentle slopes
Canyon bottom
Ridgetop
Steep slope

Land cover -Needleleaved forest
-Broadleaved forest
-Mixed Forest

-Needleleaved forest
-Broadleaved forest
-Mixed Forest

-Broadleaved forest
-Mixed Forest
-Grassland

-Needleleaved forest
-Broadleaved forest
-Mixed Forest
-Shrubland

Distance from road (m) 100> 100> 250> 100>
Distance from
settlement (m)

1000> 1000> 500> 1000 >

Source: Ali et al. (2017); IUCN (2018); Pradhan, Shah, & Khan, (2001); Wangchuk, Wegge, and Sangay (2016); Yan et al. (2017); Zhang, Hu, Yang, Li, and
Wei (2009).

Figure 3. Overall methodological framework for the study.
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and shrubland (0.60%). Agricultural land only
accounted for 4% of the total area of the HI-LIFE
landscape. It was observed that the majority of
forested areas found in the central part of the land-
scape (Figure 4).

Individual species habitat maps showed differences
in distribution (Figure 5). The habitat map of the
Himalayan black bear extended 35,666 km2 (49.92%)
of the total 71,452 km2 area, which is the largest
optimal habitat observed among the four species.
Likewise, the suboptimal habitat was 18,517km2 or
25.92% of the total area (Table 5). The most suitable

breeding area for the Himalayan black bear found in
the middle and southwestern part of the HI-LIFE
(Figure 5(a)). Among the selected species the Red
panda showed the smallest (12.36%) optimal area
within the landscape. For the Red panda, an area of
8 830 km2 in the middle and southwestern areas of the
HI-LIFE was found as a suboptimal habitat with
breeding potential (Figure 5(c)). Recognized optimal
stability for Leaf deer was just 12,779 km2 and was
primarily located in the north-eastern part of the HI-
LIFE (Figure 5(b)). The optimal areas for Takin
(Figure 5(d)) were 28.86% of the total landscape,
respectively (see Table 5). For all of the species con-
sidered, the suboptimal zone, which is characterized as
having breeding potential, is important as it is asso-
ciated with successful breeding. In the Hi-LIFE, the
potential suboptimal breeding zones for Himalayan
black bear, Leaf dear, Red panda and Takin are
25.92, 43.60, 18.44, and 29.93, respectively (Table 5).

The combined and overlaid model of the four
species showing the potential habitat for all the cov-
ered species presented in Figure 6. The analyzed,
combined average habitat suitability of the four spe-
cies shows 7% of the total area to be optimal for these

Figure 4. Land cover map of HI-LIFE.

Table 4. Table showing land cover classes, their areas and
percentage coverage in the HiLife.
Land cover class Area in Km2 % of the total

Mixed forest 8182 9
Needle leaved forest 6493 7
Broad leaved forest 51,774 57
Shrub land 9044 10
Grassland 5693 6
Agriculture 3954 4
Built up area 3 0.003
Bare area 3678 4
Snow/glacier 2273 2
Water bodies 265 0.3
Total 91,358 100

GEOLOGY, ECOLOGY, AND LANDSCAPES 7



species with the best habitat and highest survival
possibility (Table 5). About 43% of the area is sub-
optimal habitat with breeding potential, 20% is occa-
sionally used but not for breeding, and 28% area is
absolute non-habitat. To summarize, the results
revealed that 50% of the area is a potential habitat
for these species.

Our analysis on forest conditions within the
extended habitats, including edge and perforated
areas, revealed some interesting results (Figure 7). It
was observed that 75.4% of the total HI-LIFE consists

of core large forest patches that are larger than
one km2. The analysis also revealed that about
7.69% of the total forested area is denuded perforated
(see Table 6). Notably, the results also showed that
most of the larger forest patches are outside the
protected areas (Figure 7).

4. Discussion

The analyzed land cover results from the landscape
showed a mosaic of land cover types with a high

Figure 5. Sets of maps showing habitat suitability for individual species.
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proportion (73%) of forested area. This is inconsis-
tent with some recent mappings showing intact forest
across the region (Arrendran et al., 2017; Leimgruber
et al., 2005; Lodhi et al., 2014). Human habitation, as
indicated by built-up areas and agricultural land, is
comparatively low. This very strongly justifies that
this particular landscape is still in a wilderness state
(Brunner et al., 1998; Datta et al., 2003). The contig-
uous forested areas across national boundaries reflect
the fact that the proposed landscape is still a good
habitat for many species, especially large mammals

that need larger, contiguous and compatible forested
areas to ensure sufficient availability of food, places to
hide and thermal cover as well as limited human
disturbance (Alagador et al., 2012; Gupta, Mondal,
Sankar, & Qureshi, 2012). It is also an important
factor in determining the potential habitats of many
species and can play an important role in predicting
suitable habitats (Adhikari et al., 2012; Alamgir et al.,
2015; Zhang et al., 2012).

Globally significant species have been widely used
in the design of both conventional and contemporary
conservation plans (Graves, Farley, Goldstein, &
Servheen, 2007; Vina et al., 2007; Xu et al., 2017)
and they have indicated different habitat needs and
use patterns as reflected in our analysis (Figure 4).
This is obvious as each of the species prefers and uses
different habitats and altitudinal ranges (Nandy et al.,
2012; Zhang et al., 2012). Notably, the distribution
ranges of these species are within the reported review
works done by experts (see Garshelis & Steinmetz,
2008; Harris, 2008; Song et al., 2008; Timmins et al.,
2008a; Wang et al., 2008). In many instances, the
conservation planning could be done with data defi-
cient species if the objectives are long term and

Table 5. Table showing habitats suitability results for the four
species considered in the analysis for the HI-LIFE.

Habitat suitability
Black
Bear

Leaf
Dear

Red
Panda Takin

Absolute non-habitat 8206 (9) 22,904
(25)

41,861
(46)

41,868
(46)

Strongly avoided 9457
(10)

2332 (3) 5529 (6) 5522 (6)

Occasionally used; not
breeding

9014
(10)

15,814
(17)

11,652
(13)

11,652
(13)

Suboptimal but used for
breeding

19,819
(22)

33,348
(37)

24,123
(26)

24,123
(26)

Optimal habitat 44,862
(49)

16,960
(19)

8193 (9) 8193 (9)

Total (Km2) 91,358 91,358 91,358 91,358

Figure 6. Map showing the combined habitat suitability.
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broader (Bland et al., 2017). What is interesting is
that the potential habitats of most of the species
stretched far beyond the existing protected areas
and across national boundaries (see Figure 5).

Analysis of the combined average habitat suitabil-
ity of four species shows that about 60% of the total
area is optimal for all of the species (Table 5). The
results also support the home ranges of these species
(IUCN, 2018). It is important to note that planning
for multiple species representing different ecological
zones and habitats brings better results. Therefore,
holistic conservation requires an evaluation of multi-
ple species with a wide range of habitat use patterns,
which is fundamentally a description of what animals
use, where animals are found, and also, in the eyes of

most ecologists, what animals need to survive and
reproduce (Cushmana & Landguthb, 2012; Wang,
Yang, Bridgman, & Lin, 2008). This is particularly
true for large mammals as they operate at broader
spatial scales and, consequently, their populations are
more likely to be fragmented if confined to isolated
habitats within small protected areas (Noss, 1983;
Roever, van Aarde, & Leggett, 2013). The concept
also supports the adaptation strategy needed for spe-
cies recovery considering the prevailing threats from
various drivers of change including the climatic
change (Rao et al., 2013). As the trend in conserva-
tion biology has widened from a species-centered
approach to the ecosystem and landscape approach,
it is important to consider multiple conservation

Figure 7. Forest fragmentation map of HI-LIFE.

Table 6. Matrix showing habitats conditions in relation to habitat suitability for species in the forested areas of the HI-LIFE
Fragmentation
type

Absolute non-
habitat

Strongly
avoided

Occasionally used; not breeding
habitat

Suboptimal but OK for
breeding Optimal Total

Patch 7 42 214 123 9 395
Edge 130 372 2585 3730 244 7062
Perforated 104 190 1041 2410 202 3947
Core (<1 Km2) 3 6 339 430 33 811
Core (1 −2 Km2) 1 1 111 159 14 286
Core (>2 Km2) 1440 718 14,751 33,413 3627 53,950
Total 1685 1330 19,041 40,265 4129 66,450
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values when designing protected area networks
(Attorre et al., 2012; Huck et al., 2010).

Our habitat condition analysis based on forest
fragmentation revealed that 82% of the existing
forested area is in good condition; however, most of
it is outside of the protected area network where
human intervention happens to be fairly limited.
For effective conservation of species that prefer
forested areas, large patches of intact forest are neces-
sary (De & Tiwari, 2008; Theobald, Crooks, &
Norman, 2011). In order to have a functional con-
servation network, it is important to plan and pro-
mote dispersal and migration of species between the
existing protected areas, particularly through the
establishment of connectivity corridors (Fuller,
Munguıa, Mayfield, Sanchez-Cordero, & Sarkar,
2006; Fung et al., 2017; Zipkin, DeWan, & Royle,
2009). The contiguity of the forested area also pro-
vides the altitudinal connectivity necessary for species
to move toward higher altitudes in the event of cli-
mate change as an adaptation provision (Lenoir &
Svenning, 2015; Nunez et al., 2013; Worboys &
Pulsford, 2011; Zomer et al., 2014).

The future of biodiversity conservation depends on
efforts applied across large landscapes, the scale at
which many key ecological and evolutionary processes
take place (Baldwin, Trombuluk, Leonard, Noss, &
Hilty, 2018) with an integrated approach (Leonard
et al., 2017). The transboundary landscape approach is
not a new concept in the HKH region. ICIMOD’s past
experiences in Mount Everest Ecosystem (Sherpa,
Peniston, Lama, & Richard, 2003), Kangchenjunga
Landscape (Chettri, Sharma, Shakya, & Bajracharya.
2007; Sharma et al., 2007), and the Kailash Sacred
Landscape (Zomer & Oli, 2011; Zomer, Sharma, Oli,
& Chettri, 2010) have highlighted the need for and
significance of regional cooperation to facilitate trans-
boundary landscape and ecosystem management
approaches for improved biodiversity conservation in
the HKH. Within the HI-LIFE, there are unique geo-
political issues related to insurgencies, border disputes,
the illegal transboundary trade of wildlife, etc.
A strategy to address these issues has also been dis-
cussed (ICIMOD, 2009). Moreover, learning could
also be drawn from numerous examples available with
unique approaches and learnings (see Beger et al., 2010;
Kark et al., 2015; Roga, Ferguson, & Bagoora, 2017;
Vasilijević & Pezold, 2011; Worboys, Francis, &
Lockwood, 2010). The overall analysis from this pre-
liminary assessment revealed that the initiative taken by
ICIMOD and partners to promote the landscape
approach in the Hi-LIFE is heading in the right direc-
tion. It was revealed that there is a high potential for
connectivity development among the existing protected
areas and other forests patches due to the presence of
contiguous habitats for some flagship and globally sig-
nificant species present within the landscape. Though

there is a less human intervention (4% agriculture and
0.003% built-up area) relative to other transboundary
landscapes in the region, keeping this pristine wilder-
ness intact will require a strong regional commitment,
meticulous planning, and cooperation among the con-
servation communities.

5. Conclusion

The idea of managing multiple parks, reserves, and
conservation areas collectively as a part of
a conservation network is recent, yet a growing
trend in biodiversity conservation and management.
For these networks to be ecologically viable, the focus
must be on wider habitats and on ensuring the func-
tional connectivity of the landscape as a whole. It is
necessary to concentrate efforts at the regional scale,
giving due consideration to the potential connectivity
that exists between the existing protected areas across
the boundaries of individual nations as well as along
both the east-west and north-south axis. Without
effective biodiversity management planning at the
landscape level, it is likely that human development
and haphazard encroachment could further fragment
key wildlife habitats or key biodiversity areas of evo-
lutionary significance and isolate threatened species
in the proposed HI-LIFE.

Our preliminary assessment of land cover and land
use patterns and habitat suitability modeling consid-
ering four species (with limited data) and their varied
ecological and habitats needs and habitat conditions
indicates that the landscape has a high level of con-
servation potential. There is an opportunity for regio-
nal cooperation among the countries sharing this
landscape, not just for research and knowledge devel-
opment at the national level, but also for adopting an
integrated approach at the regional level to safeguard
irreplaceable and unique biodiversity resources in the
entire landscape. Our assessment, although based on
limited information for only a few species from the
landscape, points to the fact that geospatial analysis
using species-based information can serve as
a powerful tool for landscape conservation and devel-
opment planning. For the HI-LIFE, such analysis has
proven useful in identifying important areas outside
protected areas. It also suggests for ecologically con-
tiguous connectivity between the existing protected
areas that require regional management considera-
tion in the long run. The study also indicates a need
for more rigorous and systematic efforts in research
and to raise awareness on the conservation signifi-
cance of this important landscape and generation of
relevant scientific evidences to support informed
decision-making. ICIMOD has initiated the process
of promoting regional cooperation among China,
India, and Myanmar through the landscape approach
in the HI-LIFE. Cooperation is expected to improve,
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especially given new developments in Myanmar’s
political scenario; however, this could bring both
opportunity and challenges.
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